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Although everyone would agree that management of im¬ 
perilled fauna should be evidence-based, the reality is dif¬ 
ferent. Many regulations are based on tradition, intuition 
or uncritical acceptance of speculation (Pullin & Knight 
2001), often because empirical data collection is difficult 
(Brook et al. 2003). In this paper, we describe an example 
of a management practice (speed limits on roads during 
amphibian migration periods) based on predictions from 
a mathematical model (on air-pressure waves generated by 
moving vehicles) that appears never to have been tested 
empirically. 

Over the last three decades, amphibians have expe¬ 
rienced high rates of population decline and extinction 
(Gibbons et al. 2000, Stuart et al. 2004, Hayes et al. 
2010). The causes of these declines are diverse, and in¬ 
clude disease (Berger et al. 1998,1999), introduced spe¬ 
cies (Kats & Ferrer 2003), habitat destruction (Gibbons 
et al. 2000), pesticides (Davidson et al. 2002), and possi¬ 
bly climate change (Carey & Alexander 2003). Roadkill 
can also be a major source of amphibian mortality (Hels 
& Buchwald 2001, Glista et al. 2008), particularly in 
heavily populated areas with high road densities (Vos & 
Chardon 1998, Gibbs & Shriver 2005). Even in relatively 
natural areas, roads are common features of the landscape 
(Mustard et al. 2012), influencing amphibian populations 
by creating barriers to movement and gene flow, pollution 
(light, chemical, noise, etc.), and direct mortality due to 
road kill. Collectively, the combined environmental effects 
of roads have come to be known as the “road-effect zone” 
(Forman & Deblinger 2000). Direct vehicular mortality 
is particularly important for migratory species, often run- 
over when attempting to cross roads at certain times of the 
year (e.g. Hels & Buchwald 2001). 


Hummel (2001) used mathematical modelling to pre¬ 
dict that amphibian mortality may be higher than expected 
simply from the numbers of animals that are flattened by 
vehicle tyres. His calculations suggested that amphibians 
also will be killed by rapid changes in air-pressure caused 
by a vehicle passing over them at high speed, causing col¬ 
lapse of the amphibians lungs (termed ‘barotrauma; Hum¬ 
mel 2001). Often cited in the conservation and manage¬ 
ment literature, this suggested mechanism of impact has 
influenced proposed methods for assessing road impacts 
on amphibian populations (e.g. Holden 2002, Jaeger & 
Fahrig 2003, Schmidt & Zumbach 2008, Coelho et al. 
2012). For example, the air-pressure risk posed by fast-mov¬ 
ing vehicles has led to speed limits on roads in Germany; 
a speed limit of 30 km/h has been suggested (https://www. 
nabu.de/tiere-und-pflanzen/amphibien-und-reptilien/am- 
phibien/o6359.html) and implemented (e.g. http://www. 
goettinger-tageblatt.de/Goettingen/Uebersicht/Kroeten- 
wandern-wieder/Strassensperrungen-und-Beeintraechti- 
gungen-im-Landkreis) on many roads during the migra¬ 
tion period of anurans. Similarly, a speed limit to reduce 
the risk of vehicular pressure-induced mortality has also 
been suggested by conservation organizations in Austria 
(http://www.noe-naturschutzbund.at/PDF/Amphibien- 
schutzStrassenFolder_HP.pdf). Despite the inclusion of 
this putative threat in conservation plans, the validity of 
this mechanism appears never to have been tested. 

During fieldwork on reptiles in northern Queensland 
(under University of Sydney animal ethics committee ap¬ 
proval L04/3-2013/3/5969), we accidentally drove over 
thousands of anurans (mostly invasive cane toads, Rhinella 
marina (Linnaeus, 1758), in the past also called Bufo ma- 
rinus ) without hitting them with the car tyres. We never 
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noticed any negative effects of the air-pressure due to the 
cars’ movement, so we became sceptical of the predictions 
by Hummel (2001). In February 2016, we gathered de¬ 
tailed data in the course of our usual fieldwork in northern 
Queensland, Australia, using a Ford Falcon XR6. The front 
of the car was 15 cm above the ground, the rear was 25 cm 
above the ground, and the lowest point was 9 cm above the 
ground. Based on Hummel’s model, such a car should gen¬ 
erate air-pressure waves intense enough to kill toads when 
we were driving > 60 km/h (Hummel 2001). We drove at 
night (between 22:00 and 23:30 h) on a tarmac road as part 
of our normal survey studies. Cane toads commonly use 
the road (e.g. Brown et al. 2006), and thus we often inad¬ 
vertently drove over toads (there being no room to stop or 
decelerate), aiming not to hit them with the car tyres. As 
part of our survey design, we drove at four different speeds: 
50, 80,100, and 110 km/h. After we drove over a toad, we 
stopped the car, returned to the toad, collected it, scored 
its condition (not injured, light injuries, heavy injuries, 
dead), and determined the animal’s sex, mass and snout 
to vent length (SVL) in four categories: large (> 100 mm), 
medium (> 50 and < 100 mm), small (> 20 and < 50 mm), 
and metamorph (< 20 mm). We kept the toads overnight 
in moist cloth bags, and recorded whether or not they were 
still alive the next day. All live animals were released the 
following night, as part of our ecological study. 

We drove over 97 cane toads ranging in size from 12.5 to 
151.5 mm (mean ± SD 59.8 ± 46.0 mm, median 30.5 mm, 
Table 1) and in mass from < 1 g to 454 g (mean ± SD 60.7 ± 
91.1 g, median 3 g). None of the anurans died after the car 
drove over them (Table 1). Twenty-four hours after being 
subjected to the air-pressure wave from the vehicle, all 
of the cane toads were alive and none showed any visible 
signs of barotrauma, injury or distress. 

We failed to find any evidence for the hypothesis that 
the wave of air pressure from a rapidly-moving vehicle 
is lethal to anurans. The model of Hummel (2001) either 
overestimated the negative effects of a sudden air-pressure 
increase on amphibians, or overestimated the pressure in¬ 
crease itself. We cannot exclude the possibility of air-pres¬ 
sure-induced internal injuries (e.g., internal bleeding). For 
example, there is evidence that bats died from lung dam¬ 
age due to barotrauma induced by wind turbines (Baer- 
wald et al. 2008). Vulnerability of an anuran species also 
might depend on body size, but the range of body sizes in 
the toads we studied is similar to those of many anuran 
species of conservation concern. However, other species 
might be more sensitive to air-pressure waves compared 
to cane toads, and thus, our results might not be appli¬ 
cable to all amphibian species. Our field trials provide a 
cautionary tale about basing conservation and manage¬ 
ment plans on unverified hypotheses. The original paper 
predicting this mortality mechanism (Hummel 2001) has 
been cited in numerous papers and conservation texts, 
and has informed management practices for more than a 
decade. 

Although we have no evidence that road traffic induces 
barotrauma in amphibians, speed limits might neverthe- 


Table 1. Body sizes and survival of 97 cane toads (Rhinella 
marina) that we drove over with a car in February 2016 in 
northern Queensland, Australia, showing the car speed, number 
of toads, snout-vent length (SVL) in mm (mean ± SD, followed 
by range in parentheses), and survival rates. 


Car speed 
(km/h) 

Number 
of toads 

SVL 

Survived 

(%) 

50 

18 

68.0 ± 47.0 (17-141) 

100 

80 

17 

75.1 ± 50.2 (15-151) 

100 

100 

21 

61.7 ± 47.4 (13-138) 

100 

110 

41 

49.0 ± 41.8 (14-143) 

100 

Total 

97 

59.8 ± 46.0 (13-151) 

100 


less enable drivers to avoid running over amphibians on 
the road. However, experimental studies indicate that most 
drivers are unaware of small animals, especially at night 
(Beckmann & Shine 2012). Generally, scarce resources for 
conservation should be allocated wisely, based on empiri¬ 
cal evidence (Bottrill et al. 2008). In this case, reliance 
on untested hypotheses may have led managers to the con¬ 
clusion that speed limits themselves are a sufficient tool for 
anuran conservation. Resources should rather be spent on 
other mitigation methods, such as fencing, culverts or the 
construction of new breeding ponds, which were shown 
to reduce amphibian mortalities (Linck 2000, Jolivet et 
al. 2008). 

Our study emphasises the need for evidence-based 
management for conservation. Although overly conserva¬ 
tive regulations in conservation, management and animal 
welfare are better than excessively loose regulations, con¬ 
servation should be based on rigorous testing whenever 
possible rather than theoretical models and untested hy¬ 
potheses. 

Acknowledgements 

Funding was provided by the Australian Research Council, the 
Holsworth Wildlife Research Trust and the Skyrail Rainfor¬ 
est Foundation. Kye Shields provided his car for the study. We 
thank Oliver Hawlitschek and Hugo Cayuela for improving 
the quality of our manuscript. 

References 

Baerwald, E. F., G. H. D’ amours, B. J. Klug & R. M. Barclay 
( 2008 ): Barotrauma is a significant cause of bat fatalities at 
wind turbines. - Current Biology, 18: R 695 -R 696 . 

Beckmann, C. & R. Shine ( 2012 ): Do drivers intentionally target 
wildlife on roads? - Austral Ecology, 37 : 629 - 632 . 

Berger, L., R. Speare, P. Daszak, D. E. Green, A. A. Cunning¬ 
ham, C. L. Goggin, R. Slocombe, M. A. Ragan, A. D. Hy¬ 
att & K. R. McDonald ( 1998 ): Chytridiomycosis causes am¬ 
phibian mortality associated with population declines in the 
rain forests of Australia and Central America. - Proceedings 
of the National Academy of Sciences of the USA, 95: 9031 - 
9036 . 


81 





Correspondence 


Berger, L., R. Speare & A. Hyatt (1999): Chytrid fungi and am¬ 
phibian declines: overview, implications and future directions. 
- Declines and Disappearances of Australian frogs. Environ¬ 
ment Australia, Canberra, 1999: 23-33. 

Bottrill, M. C., L. N. Joseph, J. Carwardine, M. Bode, C. 
Cook, E. T. Game, H. Grantham, S. Kark, S. Linke & E. 
Mcdonald-Madden (2008): Is conservation triage just 
smart decision making? - Trends in Ecology & Evolution, 23: 
649-654. 

Brook, A., M. Zint & R. De Young (2003): Landowners’ re¬ 
sponses to an Endangered Species Act listing and implica¬ 
tions for encouraging conservation. - Conservation Biology, 
17: 1638-1649. 

Brown, G. R, B. L. Phillips, J. K. Webb & R. Shine (2006): Toad 
on the road: use of roads as dispersal corridors by cane toads 
{Bufo marinus) at an invasion front in tropical Australia. - 
Biological Conservation, 133: 88-94. 

Carey, C. & M. A. Alexander (2003): Climate change and am¬ 
phibian declines: is there a link? - Diversity and Distributions, 
9: 111-121. 

Coelho, I. P., F. Z. Teixeira, P. Colombo, A. V. P. Coelho & 
A. Kindel (2012): Anuran road-kills neighboring a peri-ur¬ 
ban reserve in the Atlantic Forest, Brazil. - Journal of Environ¬ 
mental Management, 112: 17-26. 

Davidson, C., H. B. Shaffer & M. R. Jennings (2002): Spatial 
tests of the pesticide drift, habitat destruction, UV-B, and cli¬ 
mate-change hypotheses for California amphibian declines. - 
Conservation Biology, 16: 1588-1601. 

Forman, R. T. & R. D. Deblinger (2000): The ecological road- 
effect zone of a Massachusetts (USA) suburban highway. - 
Conservation Biology, 14: 36-46. 

Gibbons, J. W., D. E. Scott, T. J. Ryan, K. A. Buhlmann, T. D. 
Tuberville, B. S. Metts, J. L. Greene, T. Mills, Y. Leiden 
& S. Poppy (2000): The global decline of reptiles, deja vu am¬ 
phibians. - BioScience, 50: 653-666. 

Gibbs, J. P. & W. G. Shriver (2005): Can road mortality limit 
populations of pool-breeding amphibians? - Wetlands Ecolo¬ 
gy and Management, 13: 281-289. 

Glista, D. J„ T. L. Devault & J. A. Dewoody (2008): Vertebrate 
road mortality predominantly impacts amphibians. - Herpe- 
tological Conservation and Biology, 3: 77-87. 

Hayes, T., P. Falso, S. Gallipeau & M. Stice (2010): The cause of 
global amphibian declines: a developmental endocrinologists 
perspective. - Journal of Experimental Biology, 213: 921-933. 

Hels, T. & E. Buchwald (2001): The effect of road kills on am¬ 
phibian populations. - Biological Conservation, 99: 331-340. 

Holden, C. (2002): Spring road peril: toad blowout. - Science, 
296: 43. 

Hummel, D. (2001): Amphibienschutz durch Geschwindig- 
keitsbegrenzung - Eine aerodynamische Studie. - Natur und 
Landschaft, 76: 530-533. 

Jaeger, J. A. & L. Fahrig (2003): Under what conditions do fenc¬ 
es reduce the effects of transportation infrastructure on pop¬ 
ulation persistence: Proceedings Infra Eco Network Europe 
(IENE) Conference, Habitat fragmentation due to Transporta¬ 
tion Infrastructure. - Institute of Nature Conservation, Brus¬ 
sels, Belgium. 

Jolivet, R., M. Antoniazza, C. Strehler-Perrin & A. Gan¬ 
der (2008): Impact of road mitigation measures on amphibian 


populations: a stage-class population mathematical model. - 
arXiv, Quantitative Biology: arXiv preprint arXiv:o8o6.4449. 
Available at https://arxiv.0rg/abs/0806.4449 

Kats, L. B. & R. P. Ferrer (2003): Alien predators and amphibian 
declines: review of two decades of science and the transition to 
conservation. - Diversity and Distributions, 9: 99-110. 

Linck, M. (2000): Reduction in road mortality in a northern 
leopard frog population. - Journal of the Iowa Academy of 
Sciences, 107: 209-211. 

Mustard, J. F., R. S. Defries, T. Fisher & E. MoraN (2012): 
Land-use and land-cover change pathways and impacts. - pp. 
411-429 in: Gutman, D. G., A. C. Janetos, C. O. Justice, D. 
E. F. Moran, J. F. Mustard, R. R. Rindfuss, D. Skole, B. L. 
Turner & M. A. Cochrane (eds): Land change science. - 
Springer, Dordrecht, Germany. 

Pullin, A. S. & T. M. Knight (2001): Effectiveness in conser¬ 
vation practice: pointers from medicine and public health. - 
Conservation Biology, 15: 50-54. 

Schmidt, B. & S. Zumbach (2008): Amphibian road mortality 
and how to prevent it: a review. - pp. 157-167 in Mitchell, J. 
C., Jung Brown, R. E. & B. Bartolomew (eds): Urban her¬ 
petology. - St. Louis/MO: Society for the Study of Amphibians 
and Reptiles. 

Stuart, S. N., J. S. Chanson, N. A. Cox, B. E. Young, A. S. Ro¬ 
drigues, D. L. Fischman & R. W. Waller (2004): Status and 
trends of amphibian declines and extinctions worldwide. - 
Science, 306:1783-1786. 

Vos, C. C. & J. Chardon (1998): Effects of habitat fragmentation 
and road density on the distribution pattern of the moor frog 
Rana arvalis. - Journal of Applied Ecology, 35: 44-56. 


82 


